Abstract. For the acceleration of radioactive ions the usable mass range is limited by the A/q acceptance of the first accelerator stage. Since an efficient primary ion source normally produces singly charged ions, charge state breeding is necessary if higher masses are to be accelerated. At TRIUMF an ECR source has been chosen as a breeder due to its potential high efficiency in producing intermediate A/q values. To minimize the necessity for further stripping an A/q around 6 is desirable. A 14 GHz "PHOENIX" booster from Pantechnik has been set up on a test bench. The singly charged ions are produced from different ion sources, which can be mounted in a standard ISAC target-ion-source set-up. For the first tests an ECR source to produce noble gas beams has been chosen. The aim of the measurements at the test bench is to find the optimum operation conditions of the charge state booster and the injection and extraction ion optics. Working with radioactive ions always means that the system should aim for high efficiency, as the production of such species is limited. Therefore, special emphasis has to be put on the highest yield for the production of the desired charge state. A second point is the analysis of the extracted beam quality in order to optimize mass separation and transport efficiency. The paper shows the status of the set-up and reports on first results of the charge breeding of Ar, Ne and Xe. With Xe a total efficiency of 22.5 % has been achieved.
INTRODUCTION
With the development of radioactive beam facilities at different laboratories charge state breading has become an important issue especially in connection with post acceleration. At an ISOL facility the ions are produced typically in a 1+ state at an energy of several 10 keV. But in order to allow the acceleration to higher energies an increase in charge state is essential. There are several methods being used so far. The first one involves the stripping of the singly charged ions after an initial acceleration to some 100 keV/u. This method is limited to low masses, where the first acceleration is possible. At higher masses the only way is to increase the charge state before acceleration. In order to do so they are injected into an ion source for highly charged ions. There are two types of ion sources being used so far. An electron beam ion source EBIS has been used at the post accelerator REX-ISOLDE at CERN [1] . It can deliver beams of highly charged ions up to an efficiency of about 10% for a single charge state. The disadvantage of such a system is that it requires a pulsed beam at a small emittance for the incoming ions. That means a cooling and prebunching of the beam is necessary, which limits the total efficiency and the intensity to be used. If the source should run in a continuous mode the only solution so far is the use of an ECR [2] , [3] , [4] . The efficiency for the production of intermediate charge states has been reported as high as about 10 % especially if noble gas ions are used and the system can be run also at high intensity. A disadvantage is the sometimes high background due to the ionization of the support gas or residual gas. Therefore a small emittance of the extracted beam is essential. This will reduce the background due to neighboring high intensity A/q values or scattered ions in the beam lines.
THE CHARGE STATE BOOSTER AT THE TRIUMF ION SOURCE TEST STAND
At TRIUMF radioactive ions are produced at the ISAC facility by means of a high intensity 500 MeV proton beam hitting a solid target. To produce singly charged ions a surface ion source and an ECR have been used so far. The maximum A/q ratio of 30 for the post acceleration is given by the acceptance of the first linear RFQ accelerator. To increase this number it is planned to introduce charge state breeding (CSB) with an ECR source. Therefore a 14 GHz "PHOENIX" booster from Pantechnik has been set up first on a test bench. It can be equipped with several ISAC type ion sources. The 1+ section has already been described in detail in [5] . Some space in front of the CSB has been reserved to allow for the insertion of a beam cooling device. Following the CSB a double focusing mass spectrometer consisting of a 90° magnetic and two 45° electrostatic benders has been installed. Two electrostatic quadrupole doublets in front of the magnet ensure the focusing of the beam from the CSB to the object point of the spectrometer. The emittance of the incoming and outgoing beam can be measured at several points by means of inserting emittance meters [6] . The entire set-up is shown in figure 1 . 
Set-up of the n+ ECR source
To meet the velocity acceptance of the ISAC RFQ accelerator with a mass to charge ratio around 7.5 the source has to be run at a potential of about 15 kV. The set-up of the PHOENIX ion source has been slightly changed for the requirements at TRIUMF. In order to limit the total emitted current the extraction aperture in the plasma electrode has been reduced from originally 8 mm diameter to 3.5 mm. The extraction is done with one electrode on ground potential 12 mm in front of the extraction aperture. In order to protect the window, which insulates the source vacuum from the waveguide, from being damaged by the plasma, it has been placed outside the stray magnetic field of the source. Additionally, water cooling of the waveguide has been installed and the portion of the waveguide at high vacuum has been equipped with small holes and connected through a high voltage insulator to the vacuum chamber in front of the source for additional pumping. This guarantees a high vacuum inside the waveguide and thus minimizes the risk of a plasma discharge in it, which could destroy the window. The support gas is fed in directly into the plasma chamber at the injection side. On each side of the source pumping with both a 500 l/s turbo pump and a 2000 l/s cryo pump ensures a pressure below some 10 -7 Torr.
MEASUREMENTS AND RESULTS
In first commissioning measurements the CSB has been run without injecting ions in order to optimize the extraction and analyzing ion optics. Ar or He has been used as a support gas. The efficiency and charge state distribution for the ionization of Ar for gaseous injection has been determined. The charge state distribution when using He as support gas and injecting Ar via a calibrated leak is shown in figure 2 . The maximum in the distribution is at 7+ with an efficiency of 2.7 %. Summing up the efficiency for all charge states gives a total efficiency of 12%. For this measurement a microwave power of 100 W and a He flow of about 10 -3 sccm have been used. This efficiency value includes the transmission of the extraction and analyzing system. Especially in the line in front of the magnet, the high beam current causes losses due to space charge effects. As the vacuum in the analyzer for these first measurements is only about 1⋅10 -6 Torr, charge exchange for the higher charge states will occur, resulting in an estimated loss of up to about 20%. The emittances for the different charge states of Ar have been determined at the end of the analyzing system. Values up to 20 π mm mrad at 15 kV source potential have been found for 86% of the beam enclosed. Within the measurement accuracy of ±10% no significant dependence on the charge state could be found.
For the charge breeding measurements an ECR [6] , [7] source has been used to produce beams of singly charged Ne, Ar and Xe ions. The CSB has been run with a low flow of He gas or with no additional support gas. First the potential of the CSB relative to the 1+ source has been changed to find the optimum deceleration parameter. An example of such a measurement is shown in figure 3 . As has been reported from other groups, a broad structure can be found for noble gases with some saturation behavior at low potentials. This indicates the possibility for noble gases of being reemitted from the plasma chamber walls if their initial energy is too high for being captured by the plasma. After this the efficiencies for the different charge states have been determined. An example is shown in figure 4 for Xe. In this case the maximum was at 13+ with 3.7 %. Summing up all the charge states a total efficiency of 22.5 % can be found. This measurement has been done with a microwave power of 250 W and no support gas. In the case of Ar and Ne the maximum in the distribution was at 8+ and 4+ respectively, with a smaller total efficiency, but at these measurements a microwave power of only 100 W could be used. 
CONCLUSION AND OUTLOOK
The ECR charge state booster has been put successfully into operation at a test beam facility at TRIUMF. The first measurements could already demonstrate its capability of producing ions of intermediate charge states from singly ionized injected beams. The total efficiency is 22.5 % for Xe and we expect this to improve. More studies on its dependence on the support gas or the composition on the residual gas in the plasma chamber will be done. Additionally the influence of the reduced extraction hole in the plasma electrode compared to the original design has to be studied in more detail with simulations and experimentally. Here a compromise between high extraction efficiency and a small emittance, which guarantees high transmission through the rest of the set-up, has to be found. In order to extend the measurements to non noble gas ions a surface ion source will be installed in the 1+ line. In principle the efficiency can be increased by reducing the emittance of the incoming beam. This will be studied with the addition of a gas filled RFQ cooler [9] in front of the CSB. Such a device is being presently constructed at TRIUMF. Especially the overall efficiency with this system and the reliability for an on-line operation together with the CSB has to be studied.
